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Summary 
Greenhouse and field experiments were 
conducted to determine the effects of 
watering frequency, drought stress, 
shade and clipping on the growth and 
development of Asystasia gangetica (L.) 
T.Anders. Plants grown from seeds in the 
field took a longer time to flower and 
fruit than those grown under greenhouse 
conditions. Leaf area was not affected 
significantly as shade levels increased. 
Shoot and root dry weight and number 
of flowers and fruit decreased as light 
decreased. Numbers of flowers and fruit 
and shoot and root dry weight increased 
when plants were watered more fre- 
quently. A 10 day dry period signifi- 
cantly reduced shoot and root dry weight 
compared with those of plants watered 
daily. After clipping at 4-12 weeks after 
emergence all plants regrew. Shoot dry 
weight and number of flowers and fruits 
increased when clipping was carried out 
12 weeks after emergence, although 
flowering and fruiting was delayed. 

Introduction 
One species of Asystasia, Asystasia 
gangetica (L.) T.Anders, with two subspe- 
cies is distributed widely in Malaysia. A. 
gangetica ssp. micrantha has creamy white 
flowers with an indigo-blue patch on the 
petal while A .  gangetica ssp. gangetica has 
white or violet flowers. Both subspecies 
grow widely as weeds in rubber, oil palm, 
coffee and other crops in peninsular 
Malaysia, however, A. gangetica ssp. 
micrantha has gained increasing notoriety 
and is of concern particularly to oil palm 
estates (Rajaratnam et al. 1976, Teoh et al. 
1982). This sub species is prolific and 
highly competitive with most crops for 
plant resources especially nutrients. 

Asystasia gangetica reproduces by seeds 
and rooted branches. Branches with nodes 
can produce shoots with the older 
branches having more potential to pro- 
duce shoots. Mature seeds are black or 
brown, and when ripe the four-seeded 
capsules usually burst with considerable 
force, scattering the seeds 1-2 m from the 
mother plant (Lee 1981). 

Although Asystasia has become an im- 
portant weed, little is known about envi- 
ronmental effects on its growth and devel- 
opment. Many programs emphasize 
chemical control with little attention to 
environmental effects on growth rate and 
development of the weed species. Though 
Asystasia is an important weed, research 

on growth and development of Asystasia 
is limited. In view of this, growth and de- 
velopment experiments were conducted 
under controlled and field conditions. The 
studies were also designed to explore dif- 
ferent environmental effects such as shad- 
ing, watering frequency and drought on 
growth of this species. These results may 
provide more information for effective 
management practices. 

Materials and methods 

Seeds 
Mature fruits were collected from the 
Serdang, Bangi and Sungai Buluh areas in 
Selangor, Malaysia, and brought back to 
the laboratory, cleaned and kept in bottles. 
The seeds were soaked for 12 hours before 
sowing. 

S t u d i e s v n  growth and development 
Growth and development studies of A .  
gangetica ssp. micrantha were conducted in 
the greenhouse at the Universiti 
Kebangsaan Malaysia, Bangi, Selangor. 
The temperature of the greenhouse was 
kept at 32+5"C. Ten seeds were sown at 2 
cm depth in 13 cm diameter pots. The pot- 
ting soil was a clay loam (38.5% clay, 
36.5% silt, 25% sand) with 1.45% organic 
matter, a pH of 4.9 and CEC 23.7 cmol (+) 
kg-'. The pots were watered adequately 
twice daily, and two weeks after sowing 
the seedlings were thinned to two equal- 
sized plants per pot. 

The pots were divided into seven 
groups each with 10 pots for harvesting, 
at 4,6,8,10,12 and 15 weeks after sowing. 
One group of pots were kept until the 
plants produced mature fruit. 

In the field experiment, four plots (2.5 x 

3.0 m) were each sown with 3-4 seeds per 
hole at 0.5-1.0 cm depth. The seedlings re- 
ceived full sunlight. There were five rows 
per plot, each spaced 50 cm apart. The dis- 
tance between each hole was 50 cm apart. 
The soil was a clay loam with physico- 
chemical characteristics similar to the pot- 
ting soil. Plants were watered twice daily 
and thinned to one plant per hole three 
weeks after planting. The experiment was 
arranged in a randomized complete block 
design with four replications. 

For both experiments the following 
data were recorded: the day of seedling 
emergence; days when seedlings pro- 
duced primary, secondary, tertiary and 
quaternary branches; and days to flower- 
ing, fruiting and fruit maturity. 

Effects of shade 
In the greenhouse experiment, the seed- 
lings were grown for two weeks after ger- 
mination before shading treatment began. 
The pots were divided into six groups 
each with 20 pots and arranged in a 
randomized complete block design. The 
first group received full available light 
(0% shade), while the others were placed 
under green netting providing five shade 
treatments, viz. 36 , 53, 69, 72, and 82% 
shade. Soil moisture was kept at field ca- 
pacity throughout. Shoot and root dry 
weight, plant height, leaf area and num- 
bers of leaves, flowers and fruits were de- 
termined six weeks after the treatment be- 
gan. For the determination of fresh and 
dry weight, shoots were cut at soil level 
and roots were removed and washed un- 
der gentle running water. Shoots and 
roots were weighed and then dried at 
65°C for two days before reweighing. 

Effects of watering frequency 
Pots containing 4-week-old plants (one 
plant per pot) were divided into three 
groups of 10 pots each and arranged in a 
randomized complete block design. The 
soil surface was watered to field capacity 
either daily, every four days or every 
seven days. Field capacity was deter- 
mined to be 33&5% soil water content after 
free drainage of water in columns of soil 
for 48 h (Peters 1965). Enough water was 
supplied for each watering to return the 
soil to field capacity. Shoot and root dry 
weight, pIant height, leaf area, and num- 
bers of leaves, flowers and fruits were de- 
termined six weeks after the watering re- 
gimes. The fresh and dry weights, shoots 
were determined as above. 

Effects of drought 
Pots containing 28-day-old plants were 
divided into six groups of 10 pots each 
and arranged in a randomized complete 
block design. During the first 28 days, the 
seedlings were maintained at adequate 
moisture levels to ensure establishment. 
The effect of drought of varying duration 
was assessed by growing one set of plants 
with daily watering and the other sets 
with watering withheld for 5, 10,15,20, or 
25 days. Plants were returned to field ca- 
pacity after a stress period, and at 74 days 
(21 days after the final drought treatment), 
all plants were harvested. Shoot, root dry 
weight, plant height, leaf area, and num- 
bers of leaves, flowers and fruits, were 
later determined. 

Effects of top removal 
Five seeds were sown in each of 50 pots. 
After two weeks, the seedlings were 
thinned to one seedling per pot. A group 
of 10 seedlings per replicate were clipped 
10 cm above the soil surface at 4, 6, 8, 10, 
and 12 weeks after emergence. Eight 
weeks after the last cutting (12 weeks 
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Figure 1. Growth and development of Asystasia gangetica in (a) greenhouse, (b) under field conditions. 

group), all plants of each group were har- 
vested and the following data were gath- 
ered: bud production; plant height; num- 
bers of leaves, flowers and fruits; shoot 
dry weight; and the day of production of 
buds, flowers and fruits. The experiments 
were arranged in a randomized complete 
block design. 

Results and discussion 
Figure l a  shows the growth and develop- 
ment of Asystasia gangetica grown in full 

, sun in the greenhouse. The seedlings 
emerged on day 3, while the first and sec- 
ond leaves appeared on days 7 and 13 re- 
spectively. The seedlings produced pri- 

, mary, secondary, and tertiary branches on 
23, 32 and 49 respectively. Plants started 
to produce flowers on day 41 and started 
fruiting on day 57 after sowing. Fruits at- 
tained maturity with brownish colour on 
day 70. 

Figure l b  shows the growth and devel- 
opment of A .  gangetica seedlings grown in 
full sun under field conditions. The seed- 
lings emerged on day 5 and produced first 
and second leaves on days 9 and 15 re- 
spectively. Primary, secondary and terti- 
ary branches were produced on days 27, 
38 and 49 respectively. Plants grown in the 
field produced quaternary branches on 
day 61 after sowing. The plants started 
flowering on day 47. Fruits were pro- 
duced on day 62 and attained maturity on 
day 74. 

Growth and development of Asystasia 
is influenced by the environmental factors 

such as moisture, temperature and soil 
composition. These species survive in 
various soil types, but growth and devel- 
opment rates differed between plants 
grown in pots in the greenhouse and those 
grown under field conditions. In the con- 
trolled environment, intervals until seed 
germination, flowering and fruiting were 
shorter than those under field conditions. 
For instance, plants started producing 
flowers at day 41 in controlled environ- 
ment, but at day 46 under field conditions. 
In the controlled environment, plants re- 
ceived adequate water and experienced 
less competition, which may have 
prompted greenhouse plants to mature in 
a shorter period than those grown under 
field conditions. 

Effects of shade on growth and devel- 
opment of A .  gangetica are shown in Table 
1. Plant height increased with increasing 

shading levels. An increase of shading 
levels did not significantly affect leaf 
number or leaf area. As shade increased to 
82%, the number of flowers and fruit de- 
creased by 28 and 64%, respectively. Sig- 
nificant reduction in shoot dry weight was 
observed under low light levels (75% 
shade). Root dry weight decreased a s  
shading levels increased. The lowest root 
dry weight (0.55 g) was observed under 
82% shade, compared to 0.99 g under full 
sunlight. Total dry weight was signifi- 
cantly reduced as the shade level In- 
creased from 36 to 53%, but was less sig- 
nificant with increasing shade. In general, 
it seems that shade increased plant height 
but reduced flowering, fruiting and dry 
weight. 

Reduced watering frequency did not 
significantly reduced the height of the 
plants (Table 2). However, there was a 

Table 1. Growth and development of Asystasia gangetica under different 
shading levels. 

Parameter per plant Shade (%) 

0 36 53 69 75 82 LSD 
(P=0.05) 

Height (cm) 26.4 32.6 35.6 36.5 38.1 44.3 4.3 
No. leaves 103 97 97 95 95 95 12.4 
Leaf area (dm2) 24.2 35.6 34.6 38 38.4 39.3 5.1 
No. flowers 14 12 12 10 11 10 3.5 
No. fruits 33 24 21 16 14 12 3.6 
Shoot dry weight (g) 5.0 4.7 3.3 3.0 2.9 2.8 0.5 
Root dry weight (g) 0.98 0.85 0.77 0.66 0.63 0.55 0.18 
Total dry weight (g) 5.99 5.60 4.40 3.70 3.54 3.50 0.69 
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Table 2. Growth and development of Asystasia 
gangetica with different watering frequencies. 

Parameter per plant Watering frequency 

Daily Twice Weekly LSD 
weekly (P=0.05) 

Height (cm) 34.0 31.4 30.5 3.7 
No. leaves 166 158 132 12.6 
No. flowers 18 15 7 3.9 
No. fruits 38 28 19 9.2 
Shoot dry weight (g) 8.04 7.96 6.35 1.01 
Root dry weight (g) 1.34 0.92 0.81 0.2 
Total dry weight (g) 9.30 8.96 7.17 1.08 

decreased markedly when 
drought extended beyond 15 
days (Table 3). A drought pe- 
riod longer than 10 days caused 
significant reduction in flower 
production. The number of 
fruit declined significantly 
when the drought period was 
longer than 15 days until no 
fruit was produced when 
drought periods were 25 days. 
A dry period of 10 days signifi- 
cantly reduced shoot and root 
dry weights by 36 and 46%, re- 

marked reduction in the number of leaves 
in plants watered only once a week. 
Number of flowers and fruits significantly 
decreased with each increase in period be- 
tween watering. Watering once a week 
caused reduction in shoot dry weight of 
about 21% compared to those receiving 
daily watering. Also, when watered twice 
weekly, root dry weight reduction was 
significant when compared to that of 
plants receiving daily watering but not 
when compared to those watered once a 
week. Total dry weight of the plant was 
not affected as watering was reduced from 
daily to twice weekly but significantly de- 
creased when watered only weekly. These 
results are similar with those of Ismail et 
al. (1996), who showed that the frequency 
of watering significantly reduced the 
growth and development of Paspalurn 
conjugaturnn Berg. 

Number of leaves, flowers, fruit and 
plant height, and total dry weight 

spectively, from those plants 
receiving daily watering. These results 
agree with those of Weerakoon and Lovett 
(1986) who showed that short durations of 
water stress significantly decreased leaf 
area, top and root dry weight of Salvinia 
reflexa Hornem. After five days of 
drought, total dry weight was reduced by 
20% from that of plants receiving daily 
watering. 

All plants regrew and produced buds 
irrespective of plant age at clipping (Table 
4). Clipping at four weeks showed a sig- 
nificant height reduction as compared to 
clipping at 6-12 weeks. Number of leaves, 
however, increased with each two week 
delay of clipping. Similarly, the numbers 
of flowers and fruits increased when clip- 
ping was delayed. When clipping was 
done four weeks after emergence, the 
plants produced 18 flowers, but this 
number increased to 26 and 33 at 8 and 12 
weeks respectively. The number of fruits 
increased when clipping was done 10 

Table 3. Growth and development of Asystasia gangetica with different 
periods of drought. 

Parameter per plant Drought (days) 

0 5 10 15 20 25 LSD 
(P=0.05) 

Height (cm) 30.3 27.7 20.7 15.4 5.5 1.6 4.5 
No. leaves 142 131 92 69 14 4 16 
No. flowers 16 17 13 10 2 2 2.5 
No. fruits 25 21 26 14 1 .O 0 4.5 
Shoot dry weight (g) 5.27 4.27 3.38 3.51 0.53 0.39 1.25 
Rootdryweight(@ 1.50 1.16 0.81 0.53 0.11 0.11 0.23 
Totaldryweight(g) 6.77 5.43 4.19 4.04 0.64 0.50 1.31 

Table 4. Regrowth and development of Asystasia gangetica after clipping at 
different intervals. 

Parameter per plant Time from emergence to top removal (weeks) 

4 6 8 10 12 LSD (P=0.05) 

Height (cm) 23.6 29.5 
No. leaves 144 174 
No. flowers 18 19 
No. fruits 56 61 
Shoot dry weight (g) 17.0 18.7 

Time taken (days) to regrow after clipping to: 
Budding 5 5 
Flowering 25 26 
Fruiting 43 41 

weeks after emergence compared to those 
of plants clipped at four weeks after emer- 
gence. Total dry weight also increased 
when clipping was delayed. These results 
agree with those of Boyd and Murray 
(1982), who reported that dry matter of 
Solanurn elaeagnifoliurn Cav. increased sig- 
nificantly when clipping was done 20 
days after emergence. However, plants 
took longer to produce buds, flowers and 
fruits and to reach maturity when clipping 
was delayed. When clipping was done at 
12 weeks after emergence, plants produce 
buds, flowers and fruits at 7, 30 and 47 
days after clipping, respectively. This 
rapid recovery is indicative of the ability 
of Asystasia to survive. Therefore, slashing 
the plant once is ineffective in controlling 
this weed. 

These results demonstrate that A .  
gangetica is adapted to a wide range of 
water availability and shade levels. Under 
extreme conditions, the growth of this 
weed slowed, as reflected in reduction 
both in growth parameters and in repro- 
ductive ability. All these factors should be 
taken into consideration in evaluation of 
the effectiveness of control methods based 
on slashing of the species. 
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